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Composition and method 

The present invention relates to a method of coating a substrate material and materials so 
coated. In particular in one embodiment the method comprises atmospheric plasma curing of 
5 a hybrid polymer material-. 

In many applications the mechanical, chemical or physical properties of surfaces of materials 
piay an important role. If, for any reason, the requirements can not be met by the bulk of the 
material, the application of coatings and surface modification is a convenient method in order to 
10 improve the properties. In this way many substrates can be refined and used in new 
applications. A very simple case is the refinement by coating with decorative and coloured 
layers. But in many cases and for special applications also other functional properties have to 
be improved, e. g. hardness, chemical resistance, electrical resistivity, barrier properties or 
optical appearance. 

15 

Increasing demands on new materials caused also growing interest in inorganic-organic hybrid 
materials with the potential to combine the inherent properties of inorganic materials with those 
of organic polymers as described In B. M. Novak, Adv. Mater. 5 (1993) 6. The classical 
approach has been the development of composite materials or blends, where at least two 
20 different phases with complementary properties were mixed. But since an optimised 
combination of properties can only be expected by a direct and optimised linkage between the 
two materials, the desired synergistic effects were not always achieved, due to incompatibility or 
phase separation. 

25 A more powerful method in order to design new hybrid materials Is the combination of inorganic 
and organic/polymeric structural units on a molecular scale by chemical synthesis. The sol-gel 
process has been established as a versatile method for the preparation of new inorganic- 
organic hybrid materials. It is described in for example ; U- Schubert, N. Husing, A. Lorenz, 
Chem. Mater. T (1995) 2010 or C. J. Brinker, G. Soberer, Sol-GeJ-Science, The Physics and 

30 Chemistry of Sol-Gel, Processing, Academic Press (1990). 

Since the synthesis is carried out in aqueous/alcoholic media the resulting solution can be used 
as a lacquer in order to apply the hybrid material onto substrates far the improvement of the 
surface properties. 

35 

Inorganic-organic hybrid polymer coating materials (such as those avialable under the 
resgistered trade mark ORMOCER^s) aJlow a wide range of possible combinations and 
variations of inorganic and organic groups or structural elements and tailoring. And for this 
reason they are superior to commonly used organic coating materials. 
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Standard industrial coating technologies comprise the application of a lacquer followed by 
thermal or UV-induced curing treatment. In addition to these atmospheric pressure based 
techniques vacuum techniques like CVD, PVD or low pressure plasma are more and more 
used. Advantages of the ambient pressure methods are that they can be used with standard 
5 and inexpensive coating and curing equipment Vacuum methods are often related to higher 
costs concerning equipment and processing and they give only very thin layers. Therefore, in 
metallisation processes and coating of small substrates, e,g. ophthalmic lenses, these methods 
have been established. 

10 The following disadvantages of commonly used materials and technologies are evident 

Commonfy used organic coating materials do not exhibit this high degree of cross-linking which 
is necessary for a high mechanical stability, scratch and abrasion resistance and for a high 
network density resulting in good barrier properties / 
In order to meet these requirements organic coatings have to be /used with inorganic 

15 particles/Tillers [4] or in multilayer compositions . r 

Even hybrid materials exhibit high barrier properties only in multilayer compositions with SiO* or 
AIO x I5] 

Thermal curing needs a long time at elevated temperatures in order to achieve effective cross- 
20 linking. High temperatures are harmful to a lot of commonly used plastic substrates and long 
curing times are disadvantageous for fast in-line production processes. 

UV curing occurs rnainfy at the top of the coating. In the case of thick layers a decreasing 
degree of cross-linking into the depth of the layer is often observed 

Low pressure plasma or CVD and PVD give highly cross-linked films but only thin layers in the 
25 nm range. This layer thickness is too low for excellent mechanical stability (scratch and 
abrasion resistance) or high barrier properties and the methods are too expensive for large 
scale applications 

Classical curing methods do not utilize the full potential of the hybrid materials, whereas due to 
30 tfieir low vapor pressure in the liquid phase they can not be used in vacuum techniques. 

Therefore, atmospheric pressure plasma technology has been developed to circumvent the 
need for expensive and limited volume equipment of low pressure plasma. The use of this 
method in combination with hybrid polymer coating materials and their inherent properties is 
35 promising, since this synergistic effect will lead to coating materials with excellent and unique 
properties. It is an object of the invention to solve some of ail of the problems with the prior art.. 

A method and apparatus for generating and maintaining a plasma is now described. When 
chemical compounds are introduced into a plasma discharge, chemically active species are 
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formed such as molecules in excited states, radicals and ions. These species can react with 
each other, with neutral molecules or with the surface of a substrate. Depending on the nature 
of the compounds and the process conditions, this may result in cleaning, etching, chemical 
surface modification (often referred to as activation), deposition of a thin film (often referred to 
as plasma assisted coating deposition) or the formation of new chemical compounds in the form 
of gases, liquids or (nano sized) powders. 

The type of plasma discharge wherein at least one electrode is covered by an electrically 
insulating material, is called "Dielectric Barrier Discharge" (DBD). Dielectric barrier discharges 
offer interesting perspectives for cost effective in-line plasma treatments. The configuration of a 
DBD apparatus generally comprises one or more sets of two electrodes of which at least one is 
covered with an insulating (dielectric) material. The equipment is especially interesting for 
innovative surface modification and coating deposition. For this purpose, various organic, 
inorganic or hybrid (organic/inorganic) precursors can be used. If not gaseous/ these precursor 
are generally applied in the form of vapours of (heated) liquids, aerosols or (nano sized) 
particles. 7 

The invention comprises the use of inorganic-organic hybrid polymers as liquid coating material 
(precursor solution) with an atmospheric aerosol assisted plasma process for film curing. 

The principle of the formation of inorganic-organic hybrid polymers via sol-gel processing is the 
hydrolysis and condensation of organically functionalized aJkoxysilanes. The sol-gel synthesis 
of precursor solutions is outlined below. 

i 9 

— O — M i 



or or 6r -noK-Hgp R Vj R -, /, n- 



O O 



where R' = non-reactive/functional or reactive/polymerizable group, R = Me, Et, M = Si, Ti, Zr... 

As a result of this reaction an inorganic, silica-like network or silicone-like chain as prepolymer 
30 is formed bearing functional organic groups R'. 

The combination of organically substituted aJkoxysilanes with alkoxy compounds of metals, e.g. 
Si(OEt) 4 , Ti(OH) 4 , Zr(OPr) 4 , AI(O s Bu) 3 will modify the inorganic part of the material by formation 
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of the corresponding metal oxide structure. In this way very hard and highfy densified materials 
are available which can be used as scratch resistant or barrier coatings. 

Examples of precursors for the formation of a pure inorganic glass-like or ceramic-like network 
5 are as follows: 



Meo 

QMe 



Tetramethoxysilane 1 



oa 
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OB 
I 



BO — 3— O — 3 - - 0-~ 3 — OB 
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Tetraethoxysilane 2 

OBU 



OB[_ OB 
Dynasil 40 3 

BQ 



2-3 



OB 
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BuO' 



X OBu 



oa 



BO^ N OB 



Zirconfun>tetrapropoxide 4 Alurninium-tributoxide 5 



Trtanium-tetraethcwde 6 



The monomer compounds for the formation of a pure inorganic network may bear an organic 
10 complex ligand like acetic acid ethyl ester or methacryiic acid: 

OEt 

90UQ \ A £ 

Me 



R-O 



Me 




Aluminlum-dibutoxide ethylacetoacetate 7 



Zirkonium-tripropoxide rnethyiacryJate 8 



It is also possible to use an oligomer siloxane as inorganic crosslinker; 



BtO OEt 



ao— ai 



H a O-f 
3 OEt 



OEt 



OEr 



-Sir 



-CH, 



o-si; 

Sl-0 



^ y ^ 



EtO — Sf 



3 OEt 



OEt 
♦ Sir~ CH * 



St — o&. 



~ ~* HUT I 



£tO— Si 
OEt 



n 



15 



BayresitVPLS2331 9 



31. MAR. 2004 10:57 



UCB IPD 32 2 5599409 



557 



"P. 14" 



Non-rsactive groups R- act as network modifiers suitable for network functionalisation in orderto 
introduce chemicar properties to the coating. Examples of organically functionalised 
alkoxysilanes are given below: 



MeO 



MeO 
Me 



Propyftrtmethoxysilane 10 



t L OMe 

Diphenyldimethoxysilane 12 



MeO 



PhenyTtrimethoxysilane 11 
BO 

Mercaptopropyltrimetftpxy-silane 13 Tfidecafluoro-triethoxy^ilane Arninopropyltriethoxy-sHane 

14 J5 f 





MeO 




© 0 

NMe 3 Q u 



'Me 



Trimethyfemrnonium-propyltrimethoxysilane 16 Octadecyldimethylammonium- 

propyltnrnethoxysilane rr 




!i(0Me) 3 



Ol" orCHaCOO" 

Vjnylbenzyl ammoniumethyl 
aminopropyftrimethoxysilane 18 




(ETO) 3 S 



Succinic acid anhydride propyl triethoxysilane 19 



10 In the case of reactive groups FT an additional organic polymer network can be formed by 
polymerization reactions of the reactive groups. Examples of monomer silanes with reactive 
groups are as follows: 



Me 



MeO 



^OMe 



MeO 



MeO^J 
O 




Glycidoxypropyhtrimethoxysllane Vlnyltrimethoxy-silane MethacryloxypropyHrimethoxysilane 
fcU. 21 
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Me 



TPGDA-sflane 23 



Me 
I 



TEGDA-siIane 24 



(BO) 3 sr 

LR S765 sHane 26 




if 

> — C-N. 



GDMA-silane 27 



o 




O-C-, 



10 



3i(OEt) 3 



PETA-silane 28 

in the method of the invention one or more of the following compounds may be added to the 
m,xture of crass-linked inorganic-organic hybrid pre-polymer used in the sol-gel system before 
aerosol formation: 
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organic Coating forming materials; optionally carboxylates, methacrylates, acrylates, styrenes, 
methacrylonitriles, alkenes and dienes, more optionally methyl (meth)acrylate, etby) 
(meth)acrylate, propyl (meth)acrylate, butyl (meth)acrylate and/or other alkyl (meth)ac'rylates, 
organofuncbonal (meth)acrylates, giycidyl methacrylate, trimethoxysilyl propyl methacrylate,' 
5 allyl methacrylate, hydroxyethyi methacrylate, hydroxyprapyl methacrylate, dialkylaminoalkyl 
methacrylates, andfluoroalkyl (meth) aciylates, methacrylic acid, acrylic acid, fumaric acid and 
esters, rtaconic acid (and esters), maleic anhydride, styrene, o-methylstyrene, halogenatad 
alkenes, for example, vinyl haJides, such as vinyl chlorides and vinyf fluorides, and fluorinated 
alkenes, for example perfluoroalkenes, acrylonitrile, methacrylonitrile, ethylene, propylene, allyl 
10 amine, vinyfidene halides, butadienes, acrylamide, such as N-isopropylacrylamide, 
methacrylamide, epoxy compounds, for example glycidoxypropyltrimethoxysilane, glycidol, 
styrene oxide, butadiene monoxide, ethylenaglycol diglycidylether, giycidyl methacrylate,' 
bisphenol A diglycidylether (and its oligomer), vinylcyclohexene oxide, and phosphorus- 
containing compounds, for example dimethylallylphosphonate. Additional inorganic coating 
15 forming materials which can be added include colloidal metals and metal oxides and 
organometallic compounds. 

In the method of the invention the inorganic-organic hybrid coating may be obtained and/or 
obtainable by mixing separately in additional to the aerosol in step d) one or more additional 
20 gases, vapours, aerosols or powders of the. following compounds to the plasma discharge: Ar, 
He, 0 2 , N 2 , C0 2 , CO, SF S , NO, N0 2 , N s O, methane, ethane, propane, butane, ethylene, 
propylene, ethylene oxide, propylene oxide, acetylene, CF«, C 2 F 4 , H a O and/or or any of 
the ingredients described herein. 

25 Under plasma conditions radicals are generated. Radicals are known to initiate the 
polymerization of vinyl-, methacryl- or acryi double bonds as well as bond cleavage or ring 
opening reactions. The radical fragments formed by the latter mechanisms are also able to 
polymerize and recombine thus also forming an organic network. 

30 Coatings obtained from alkoxysiiane precursors with reactive acrylic or epoxy groups showed 
similar results after plasma and UV-curing (acrylics) or thermal curing (epoxide), respectively. 
Spectroscopic data indicate that atmospheric plasma also initiates radical polymerization 
(acrylics) or ring opening and polymerization (epoxide) as it is known from conventional curing. 

35 Coatings from precursors with non-reactive aliphatic groups, were tack-free and solid after 
plasma processing, whereas after thermal curing they were still sticky. This result and 
spectroscopic data indicate that organic cross-linking probably via fragmentation and chain 
formation as well as inorganic (si)oxane-) network formation occur simultaneously during the 
plasma process. 
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Polymers functionalised to be suitable for use in the present invention (for example those sold 
under the trade mark ORMOCER^ may be synthesised as follows: 
the polymer is sllylated with suitable alkoxysilane rnonomer(s); 

the silylated polymers undergo a sol-gel-reaction with functional siJane precursors to farm a 
5 solution of an inorganic-organip hybrid polymer whihc can be used as described herein in the 
plasma process. The reaction is shown schematically below 



Y 



y 
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Olrgomer/Polymer 

T" 
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l 
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Z-Si(OEtb 
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Y 



Y-Z~Si(OEt) 3 



Polymer- 
component 



Y-Z-Si-O-Sr-O- 

OHMOCER" 15 - 
component 



Sol-Gel Reaction 

where Y denotes a functional group on the polymer to be used for reaction with a functional 
10 group on the ajkoxysilanes for the modificatlon/sHylation of the polymer; 

Z: denotes a functional group for attaching the alkoxysilane to the polymer; and 
R':denotes a non reactfve/functfonal or reactive polymerizable group. 



Some preferred reactions for linking sitene monomers to polymers are; 
-OH + OCH^^^\(Oeh 



15 




-oh + q 




Si(OEt) 3 





Ms 




Ma 
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Other preferred reactions are epoxy groups with amino groups to form polymer-epoxy with 
amino silane groups or vice versa. 

5 As used herein (meth)acrylate denotes rnethacrylate and acrylate moitiss. 

The methods described herein have the advantage that the polymers to be functionalised can 
be selected to have the desired inherent properties (such as flexibility, conductivity, 
hydrophilicity) which after functionalisation are then introduced inTo the hybrid material. 

10 

The process includes the injection of the film forming precursor as an aerosol via atomization 
rnta the plasma volume adjacent to the base substrate (Aerosol Assisted Atmospheric Plasma: 
AAAP). The influence of the plasma on the aerosol droplets of the coating material will enhance 
their reactivity thus improving cross-linking and curing resufts. Limitations due to film thickness 
15 are also reduced. This effect can be additionally improved by decreasing The size of the droplets 
to the nano-scale. A nano-sized aerosol will be generated by an electrospray process which 
offers control on aerosol diameter and charge. 

The combination of the plasma process with designed hybrid polymers increases the 
performance of the resulting coatings significantly regarding curing behavior, degree of cross- 
20 linking and network density. In combination with the possibility of chemical functionalization of 
ORMOCER^s the field of applications of these materials can be extended significantly. 
Moreover, the plasma can also have effects on functionalization of coatings and on adhesion- 



It has been shown that plasma curing affects both inorganic and organic cross-linking in the 
25 hybrid polymer precursors. This twofold effect of the plasma process both on organic and 
inorganic components of hybrid coating materials is superior to that of conventional curing with 
respect to the degree of cross-linking and network density. 

Coatings manufactured by the novel AAAP process in combination with hybrid coating materials 
30 used in an in-line production environment will exhibit better performance and increased 
functionality at reduced costs. Enhanced network density will increase particularly the 
mechanical stability and barrier properties of the produced films. 
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The process is not limited to specific kinds of substrate materials. 

in the patent WO 02/28548 A2 an ambient pressure plasma process is described in 
combination with monomer aKoxysilanes of the general type Frsi(OEt) 3 and other organic 
monomers. The alkoxysilanes are used as monomers, i.e. without hydrolysation and without the 
formats of an inorganic prepolymer. The difference to the method described here is obvious 
and s.gnrficant. When using monomer the degree of crosslinking is tower 1han in the case of 
prepolymers. And a high degree of crosslinking is necessary for high performance materiaJs. 

in another aspect of the present invention there is provided a method for generating and 
maintaining a p| asma according to the Dielectric Barrier Discharge (DBD) technique, said 
method comprising the steps of : 

a) - introducing a sample in the space between two electrodes, 

b) - controlling the atmosphere between the electrodes, 

15 c) generating a plasma discharge between the electrodes 

d)- admixing aerosols containing hybrid organic/inorganic cross-linked pre-polymers to the 
plasma discharge 

According to the invention, said plasma can be maintained at a pressure in the range between 
20 100Pa and 1 MPa. According to a further embodiment, said plasma is maintained at a pressure 
in the range between 1 0OOPa and 1 MPa, preferably at atmospheric pressure. 

Said atmosphere may additionally comprise one or more of the following components : gases, 
vapours, aerosols, powders. Said mixed atmosphere may exhibit a compositional gradient. 



25 



30 



35 



The invention is equally related to an apparatus for generating and maintaining a plasma, 
preferably in the pressure range between 10OPa and 1MPa, said apparatus comprising a pair of 
electrodes, a gap being present between said electrodes, and a voltage generator for applying a 
voltage between said electrodes, said electrodes consisting of an electrically conducting 
material, wherein one or both electrodes are covered with an electrically insulating material, 
characterized in that said generator is capable of generating an alternating voRage such as 
described herein. Furthermore, one or both eiectrodes may be temperature controlled and one 
or both of the electrodes may be movable. 

in an apparatus of the invention, said eiectrodes may have the form of planar or curved plates 
or grids, bare, cylinders, or knife or brush type geometries. One or both of said electrodes may 
be segmented in different parts of any shape. An apparatus of the invention may comprise a 
parallel and/or serial combination of one or more of said electrodes. 
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An embodiment of an apparatus in which the method according to the invention can be 
implemented is depicted in Figure 2. The apparatus (4) comprises a pump (7) to evacuate the 
gases, with a optional control valve (8). An inlet port with an optional control valve is provided 
both for the gases (5) coming from a gas supply unit (6) and the aerosols of hybrid 
5 organic/inorganic cross-linked prepolymers 13 coming from an aerosol generator. 9. The 
apparatus also comprises at least one set of electrodes (1 and 2). The power supply (3) is 
connected to at least one of the electrodes. The other electrode can be grounded, connected to 
the power supply (3) or connected to a second power supply. Voltage, charge and current 
measurements can be performed by means of an oscilloscope (10). For this one can use 
1 0 respectively a voltage probe (12), a capacitor (1 1 ) and a current probe. 

Any known generator capable of delivering a high voltage having a symmetrica] or asymmetrical 
profile, can be used. Suitable generator are for example provided by Corona Designs. 

15 Such an apparatus further comprises a pair of electrodes, a gap being present between the 
electrodes, wherein a mixed atmosphere is to be arranged in said gap. 

The electrodes consist of an eiectricairy conducting material and said electrodes can be 
constructed in any shape but preferentially will take the form of planar or curved plates or grids, 
20 bars, cylinders, knife or brush type geometries. One or both of said electrodes consists of an 
electrically conducting material covered with an electrically insulating material. Furthermore, one 
or both of said electrodes may be segmented in different parts of any shape. An apparatus of 
the invention may comprise a parallel and / or serial combination of one or more of said 
electrodes. 

In an apparatus of the invention, at least one material may be placed between said electrodes. 
Said material can be a sample requiring a plasma treatment. Said sample can be an organic, 
inorganic or metallic foil, plate, fibre, wire or powder, a woven or non-woven textile or any 
combination thereof. 

30 

The plasma treatment conditions at each of the electrode surfaces and at the surfaces of any 
material pfaced between the electrodes can differ substantially from each other and can be 
controlled by the characteristics of the alternating current voltage applied to these electrodes. 

35 The plasma treatment conditions can consist of any combination of following operations: 
etching, cleaning, activation or deposition. 

One or both electrodes in an apparatus of the invention may be temperature controlled. 
Furthermore, one or both of the electrodes may be movable. 
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Further aspects and/or preferred features of the invention are described in the claims. 

By way of illustration only the following non-limiting examples are described, with reference to 
the numbered compounds previously. 

Hybrid coatings based on precursor compounds bearing reactive or non-reactive groups were 
deposited by the AAAP process and compared with conventionally cured coatings. 

After plasma treatment as well as after thermal curing (lh/100-200 e C) a precursor solution of 2 
resulted in powder formation. This means that inorganic cross-linking due to condensation 
reaction is evident, also in plasma curing. In sol-gel derived systems this process is known to 
start only at higher temperatures with a duration in the range of hours. In the case of plasma 
curing this effect is remarKable since the plasma exposition occurs for several minutes at a 
lower temperature. 

Transparent and homogeneous coatings were obtained from solutions of hydrolfeed 20 and 22 
after plasma curing. In both cases organic cross-linking (20: ring opening and polymerization, 
22: radical initiated -C=C-polymerization) and inorganic cross-linking /condensation has 
occurred. The organic cross-Iinking/polymerization was observed via IR-spectroscopy. The 
spectra of 20 exhibit the formation of a carbonyi indicating the ring opening reaction. The 
spectra of 22 show a significant decrease of the -C=C-double bond (1640 cm 1 ) indicating 
organic polymerization. The results are similar to those which have been obtained after thermal 
curing (20:1 h/130 °C) and UV curing, respectively (22: 20 s and 5,93 J/cm 2 ). 

25 In 10 no reactive organic polymerizable group is present i- e. only condensation reactions are 
possible, in principle. The films obtained after plasma treatment were cured, whereas after 
thermal curing (1-5 h/130'C) the films were still sticky, i. e. not cured. This effect shows clearly 
that after thermal treatment only condensation has occurred, which is not as effective as in 2. 
During plasma curing additional organic cross-linking has occurred leading to cured films as 
shown by IR spectroscopy. The IR spectrum of thermally cured 10 is identical to the non-cured 
film, whereas the spectrum of plasma cured 10 exhibits a carbonyi signal at 1695 cm" 1 indicating 
also oxidation reaction in the organic chain. 



20 



30 



In order to confirm the effect of plasma curing on macroscopic properties, the oxygen 
35 permeability of coated PET films was determined. As can be seen in Figure 2, the oxygen 
permeability decreases significantly from thermally cured 10 and UV cured 27 to plasma cured 
TO coatings on PET films. The reason is the highly densified structure obtained only with plasma 
curing. 
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Claims 

1 A method for coating a substrate with an inorganic-organic hybrid polymer material 
using the Dielectric Barrier Discharge (DBD) technique, said method comprising the steps of: 
a) introducing a sample in the space between two electrodes, 
5 b) controlling the atmosphere between the electrodes, 

c) generating a plasma discharge between the electrodes, 

d) mixing aerosols containing hybrid organic/inorganic cross-linked pre-polymers into the 
plasma discharge 

10 2. A method as claimed in claim 1, in which one or more of the following additional 
components may be added to the plasma discharge: gases, vapors, aerosols or powders of non 
cross-linked precursor chemicals. 

3 A method as claimed in either preceding claim in which the aerosol in step d) comprises 
a compositional gradient of the pre-pojymers and/or any optional additional admixed 
components. 



15 



4 A method as claimed in any preceding claim, in which the plasma is maintained at a 
pressure from about 10OPa to about 1MPa, optionally from about 1 kPa to about IMPa . more 
20 optionally at about atmospheric pressure. 

5. A method as claimed in any preceding claim, where the plasma is generated by 
alternating voltage between the electrodes of a frequency from about 1 0Hz to about 50MHz. 

25 S A method as claimed in any preceding claim, where the substrate comprises plastic, 
non-woven or woven fibers, natural, synthetic or semi-synthetic fibers, celiulosic material, metaj, 
ceramic, powder or any composite structure thereof. 

7 A method as claimed in any preceding claim, where the hybrid inorganic-organic coating 
30 increases, decreases and/or controls one or more of the following physical properties compared 
to the uncoated substrate: hydrophilic, hydrophobic, oleophilic, oleophobic, adhesive, release, 
gas diffusion barrier, liquid diffusion barrier, solids diffusion barrier, chemical resistance, UV 
resistance, thermal resistance, flame retardancy, porosity, conductivity, optical, serf cleaning, 
acoustic, roughness, wear resistant, scratch resistant, lubricating, antimicrabiai, biocompatible, 
35 sensory, catalytic, humidity, drug release, softness to touch, taste, smell, insect repelling, 
allergic reaction, toxicity, acid-base level. 

8 A method as claimed in any preceding claim, in which the coating is an inorganic- 
organic hybrid polymer obtained and/or obtainable from an aerosol containing cross-linked 
40 inorganic-organic hybrid pre-polymer. 
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9. A method as claimed in any preceding claim,, in which the inorganic-organic hybrid pre- 
polymer is obtained and/or obtainable from one or more of:, Tetramethoxysilane; 
Tetraethoxysilane; Dynasil 40; Zirconium4etnapropoxide; Alum/nium-tributoxide Titaniurn- 
tetraetboxide; AJuminium-dibutoxide ethylacetoacetate; Zirkonium-tripropoxide methyiacrylate; 
5 Bayresit VPL5 2331 ; Propyftrimethoxysilane; ;Phenyltrimethoxysilane; 
Diphenyldimethoxysilane; Mercaptopropyftrimethoxy-silane; Tridecafluoro-triethoxysilane; 
Aminopropyltriethoxy-silane; Trimethylammonium-propyltrimethoxysirane; 
Ootadecyldimethylammonium-propyltrimethoxysilane; Vinylbenzyl ammoniumethyl 
aminopropyrtrimethoxysilane; Succinic acid anhydride propyl triethoxysilane; Giycidpxypropyi- 
10 trimethoxysilane; Vinyltrimethoxy-silane; Methacryioxypropyl-trimethoxysilane; TPGDA-silane," 
TEGDA-siiane; BPADA-silane; LR 8765 siiane; GDMA-silane and/or; PETA-sIlane, silyfated 
polymers and/or suitable mixtures thereof. 

1Q A method as claimed in any preceding claim, where the pre-polymer mixture in step d) 
15 further comprises: colloidal metals and metal oxides, organometallic compounds and/or organic 
coating forming materials; optionally selected from carboxylates, (meth)acryiates, styrenes, 
methacrylonitriles, alkenes anchor dienes, (meth)acryiic acid, fumaric acid (and esters), itaconic 
acid (and esters), maleic anhydride, halogenated aJkenes, (metha)acrylonitrile, ethylene, 
propylene, aliyl amine, vinylidene halides, butadienes, (meth)acrylamide, epoxy compounds, 
20 styrene oxide, butadiene monoxide, ethyleneglyco) diglycidylether, glycidyl methacrylate, 
bisphenol A diglycidylether (and its oligomers), vinylcyclohexene oxide and phosphorus- 
containing compounds and/or any suitable mixtures thereof. - 

11 A method as claimed in any preceding claim, in which the inorganic-organic hybrid 
25 coating is obtained and/or obtainable by mixing separately in additional to the aerosol in step d) 
one or more additional gases, vapours, aerosols or powders of the following compounds to the 
plasma discharge: Ar, He, 0 2 , N 2 , CO a , CO, SF S> NO, N0 2 , N 2 0, H 2 , methane, ethane, propane, 
butane, ethylene, propylene, ethylene oxide, propylene oxide, acetylene, CF* CgF B , CzF A , H s O 
and/or or any of the Ingredients described in claim 10. 

30 

12. A method as claimed in any preceding claim, in which the coating is applied as a liquid 
precursor. 

13 A method as claimed In any preceding claim, in which the substrate which is coated is 
35 selected from, a powder, wire and/or an optional moving material web. 

14. A coated substrate obtained and/or obtainable by a method as claimed in any preceding 
claim. 
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An apparatus for generating and maintaining a plasma for use in a method as claimed 
«n any of claims 1 to 13; the apparatus comprising a pair of electrodes, a gap being present 
between said electrodes, and a voltage generator for applying a voltage between said 
electrodes, said electrodes consisting of an electrically conducting material, wherein one or both 
electrodes are covered with an electrically insulating material, and where thee generator is 
capable of generating an alternating voltage a frequency from about 10Hz to about 50 MHz. 

16. The apparatus according to claim is, where 5a fd electrodes have the form of planar or 
curved plates or grids, bars, cylinders, or knife or brash type geometries. 



17. The apparatus according to claim 15 or 16 where one or both of said electrodes is 
segmented in different parte of any shape. ' 

18. The apparatus according to any one of claims 15 to 17, comprising a parallel and/or 
15 serial combination of one or more of said electrodes. 

1 9. The apparatus according to any one of claims 15 to 1 8, where one or both electrodes 
are temperature controlled. 

20 20, The apparatus according to any one of claims 15 to i g, where one or both of the 
electrodes is movable. 
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. Abstract 

5 There is described a method and apparatus for coating a substrate with an inorgarric-organic 
hybrid polymer material. The method concerns generating and maintaining a plasma according 
to the Dielectric Barrier Discharge (DBD) technique, said method comprising the steps of 
introducing a sample in the space between two electrodes, generating a plasma discharge 
between the electrodes and admixing aerosols containing hybrid organic/inorganic cross-linked 
10 pre-po/ymers to the plasma discharge- There is also described an apparatus for generating the 
plasrna and admixing the liquid coating material (precursor solution) in the form of aerosol to the 
plasma discharge. 
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FIGURE 1 
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Figure 2 
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